and observed the association and dissociation of hydrogen bonding in solution [25] . Long,s group demonstrated the synthesis of styrenic triblock copolymers bearing pendant multiple hydrogen-bonding units and showed their potential as drug delivery vehicles and biological probes [26] . Recently, we synthesized block copolymer of n-butyl acrylate (n-BA) and an acrylamide monomer bearing triple hydrogen bonding site with the complementary [(N-(6-acetoamidopyridin-2-yl)acrylamide] (DAD) sequence (PBAb-PDAD) by the sequential RAFT polymerizations. And, the complexation via specific hydrogen bonding between these block copolymers in CHCl 3 provides an unprecedented method for the construction of vesicles (unpublished data). However, systematic study of the self-assembly behavior of PBA-b-PDAD has never been undertaken. Actually, Poly(n-butyl acrylate) (PBA) is one of the commonly used hydrophobic polymers. Hydrophilic polymer PDAD is novel both in structure and character, which has pendant triple hydrogen-bonding units. Therefore, it is very interesting to have insight into the self-assembly behavior of this novel block copolymer PBA-b-PDAD in aqueous solutions.
INTRODUCTION
Among the various non-covalent interactions, the multiple hydrogen-bonding interactions are quite strong [1−3] . Therefore, multiple hydrogen-bonding interactions have been used for building supramolecular polymers and driving self-assembly [4−7] . Moreover, multiple hydrogen-bonding interactions between the designed arrays of the proton-donating (D) and accepting (A) sites, have been employed in synthetic polymer chemistry to mediate polymer composition or sequence and to template polymerizations [8−14] . These pioneering works have expanded the scope of further investigation of the multiple hydrogen-bonding materials.
The multiple hydrogen-bonding polymers can be prepared by direct polymerization of styrenic and methacrylic monomers containing multiple hydrogen-bonding unit [15] . Various polymerization methods are used to synthesize multiple hydrogen-bonding polymers, including ring-opening metathesis polymerization [16−20] , atom transfer radical polymerization (ATRP) and reversible addition-fragmentation chain transfer (RAFT) polymerization [8,14,21−24] . Lutz et al. reported the synthesis of styrenic polymers with multiple hydrogen-bonding sites also studied the self-assembly behavior of these novel block copolymer PBA-b-PDAD in aqueous solutions (Fig. 2) . The chemical and physical properties of these triple hydrogen-bonding block copolymers were studied by 1 H NMR spectroscopy, gel permeation chromatography (GPC), transmission electron microscopy (TEM) and dynamic light-scattering (DLS).
EXPERIMENTAL SECTION

General procedures
Acrylamide monomer DAD and 1-octylthymine was synthesized as described earlier. Tetrahydrofuran (THF) and toluene was refluxed over CaH 2 , then distilled, degassed and stored under a nitrogen atmosphere.
1
H NMR spectra were recorded on a Varian Unity-400 spectrometer using dimethylsulfoxide as solvent. GPC was used to determine the molar masses and molar mass distributions (polydispersities, PDIs) of the synthesized polymers. DLS measurement was performed on a Wyatt QELS instrument with a vertical polarized He-Ne laser (DAWN EOS, Wyatt Technology, USA). The scattering angle was fixed at 90 o . All DLS samples were prepared by using copolymers dissolved in spectrophotometric grade CHCl 3 (1% w/v), and the solution was then filtered with 4.5 mm polytetrafluoroethylene (PTFE) syringe filters. The tapping mode atomic force microscopy (AFM) images were obtained with a multimode scanning probe microscope coupled to a Nanoscope IIIa controller (Digital Instruments/Veeco, Santa Barbara, CA, USA) under ambient conditions by casting dilute solution of PBA-b-PDAD aggregates on a mica surface.
Synthesis of triple hydrogen-bonding block copolymers in the presence of 1-octylthymine The typical procedure was as follows: macro-CTA (53 mg, 0.005 mmol), DAD (143 mg, 0.7 mmol), 1-octylthymine (250 mg, 1.05 mmol) and 2,2-azobisisobutyronitrile (AIBN) (0.1 mg, 0.0005 mmol) were dissolved in CHCl 3 (2 mL). The reaction was then placed in an oil bath at 60 o C for 12 h. Then, the polymerization was terminated by cooling the reaction mixture to −78 o C. The mixture was dialyzed in methanol for 7 days. The white solid were dried in vacuum and characterized by 1 H NMR and GPC (polymethyl methacrylate standards).
Formation of PBA-b-PDAD micelles
PBA-b-PDAD (0.05 g) was dissolved in 100 mL of dimethyl formamide (DMF), followed by the filtration of the solution through a 0.45 μm Teflon membrane filter (Chromatographic Specialties, Inc.). The micelles were formed by the addition of the resulting DMF solution into water at a rate of one drop per 60 s with continuous stirring. The micelle solution was stirred for 24 h and then dialyzed in water using a cellulose dialyzer tube. 
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RESULTS AND DISCUSSION
Synthesis of the triple hydrogen-bonding block copolymers in the presence of 1-octylthymine The synthesis of macro-CTA PBA was reported elsewhere. PBA with different degree of polymerization were prepared to investigate the effect of chain length on the self-assembly behavior of the resultant triple hydrogen-bonding block copolymers. It is well-known that diaminopyridine can form triple hydrogen bonds with thymine or its derivatives [28] . Meanwhile, it has already been demonstrated that this kind of triple hydrogen bonding interaction can be used to control polymer tacticity, to mediate polymer composition or sequence and to template polymerization [28] . Recent reports documented the utility of 1-octylthymine as the mediator in the homo-polymerization of DAD monomer. Here, the synthesis of triple hydrogen-bonding block copolymers in the presence of 1-octylthymine was examined (Fig. 1) . The RAFT block copolymerization was carried out in CHCl 3 , at 60 o C in the presence of 1-octylthymine as the mediator. The degree of polymerization (DP) was varied by adding different amounts of the monomer. The resultant block copolymers were purified by dialysis in methanol, which removed residual monomers and mediator. The results of the polymerization were listed in Table  1 . Satisfyingly, high conversion (>99%) was achieved for each RAFT block copolymerization. As can be seen in Table 1, The M n of the resultant PBA-b-PDAD increased with increasing feed ratio, ranging from 24.9 to 31.2 kDa. The M n of the block copolymer could also be calculated from 1 H NMR. As can be seen in Table 1 , the M n of the resultant PBA-b-PDAD from GPC was consistent with the 1 H NMR results. GPC traces of the synthesized diblock copolymers were summarized in Fig. 3 . Though GPC traces of the block copolymers clearly exhibit monodisperse signals, relatively broader PDIs (M w /M n > 1.7) were obtained in the presence of 1-octylthymine, which might be attributed to the slightly slower RAFT process in the presence the mediator.
The 1 H NMR spectrum of the obtained triple hydrogenbonding block copolymers prepared by RAFT polymerization in the presence of 1-octylthymine is shown in Fig. 4 . The characteristic peaks at δ = 7.57 ppm were assigned to the diaminopyridine group. The characteristic peaks at δ = 3.93 ppm were attributed to that of the PBA segment of the polymer. FTIR spectra (Fig. 5) analysis of the block polymer showed the absorbance at 3430, 1727 and 1631 cm −1 , respectively, which are attributed to the pyridine group, amide bond and ester bond in the block polymer. These results further demonstrated the successful synthesis of triple hydrogen-bonding block copolymers PBA-b-PDAD in the presence of mediator.
Self-assembly behavior of PBA-b-PDAD in water
Amphiphilic block copolymers can self-assemble into a wide range of nano-scale structures such as spherical micelles, rods, or vesicles, which are of interest in a number of fields, such as drug delivery, removal of pollutants from water, and stabilization of emulsion polymerization [29] . PBA is one of the commonly used hydrophobic polymers. A number of polymeric micelles formed from PBA-based 
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amphiphilic diblock copolymers have been investigated for various applications. Hydrophilic polymer PDAD is novel both in structure and character, which have pendant triple hydrogen-bonding units. Therefore, it is very interesting to have insight into the self-assembly behavior of this novel triple hydrogen-bonding block copolymer PBA-b-PDAD in aqueous solutions. PBA-b-PDAD micelles were formed by first dissolving block copolymer in DMF and then gradually adding water as a non-solvent for PBA segments (Fig.  2) . The micelle solution was stirred for 24 h and then dialyzed in water using a cellulose dialyzer tube. Fig. 6 showed the typical TEM image of PBA-b-PDAD micelles in water.
As shown in the figure, spherical micelles with a narrow size distribution were obtained from amphiphilic triple hydrogen-bonding block copolymer PBA-b-PDAD. According to the calculation results from TEM, the size of the micelles is of ~52 nm. The average size and size distribution of the micelles (PDI) could also be determined from DLS measurement (Fig. 7) . The hydrodynamic radius was 53 nm from DLS method, which was well consistent with the TEM results. PBA-b-PDAD copolymers with different length of hydrophobic and hydrophilic segments were used to prepare micelles of different dimensions. The average size of the micelles was investigated by DLS (Fig. 7) . The particle size varied considerably, depending on the length of the PDAD segments, and ranged from 30 to 53 nm (Fig. 7) . This observation was reasonable because a decrease in the PDAD segments length implied that there was a relative increase in the hydrophobic interaction of copolymers, which would certainly lead to tight aggregation of the hydrophobic PBA segments. A similar phenomenon was also observed in other micelle systems. The advantage of triple hydrogen-bonding micelles is that these materials can be used as intelligent drug delivery vehicles. Triple hydrogenbonding can make the drug delivery more intelligent and 
CONCLUSIONS
In conclusion, sequential RAFT polymerizations were found to be the effective methods for the synthesis of triple hydrogen-bonding block copolymers. The amphiphilic triple hydrogen-bonding block copolymers with M n up to 24,900 Da and relatively broader molecular weight distribution could be produced in combination with 1-octylthymine as mediator. Micelles formed by these copolymers were directly observed by using TEM and DLS. Relative length of the hydrophobic and hydrophilic segments strongly influenced the hydrodynamic radius of the spherical micelles. Taken together, these PBA-b-PDAD micelles with pendant triple hydrogen-bonding groups could be a potential new vehicle for drug delivery.
